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In the studlies that have thus far appeared on the
aerodynamicse of rotating-wing alrcraft, rotor systems are
investlgated of such a ec¢haracter that rotatlion of the
blade ‘about 1ts span axis, except for torsional deflection,
is excluded from considoration. In the present report,
with the old of tho usual tomputation methods, a rotor 1s
invnstigated the plich of whose blades 1ls capable of being
controlled in such a manner that 1t varies linearly with
the flappling angle. To tost the effect of thls linkage on

the aircraft performance, the theory ls applied to an illus-
trative example.

I. PRELIMINARY RIMARKS

l. Control Linkago

The aorodynamlcs of rotating-wing alrcraft has been
troated 1n o considorable number of publishod reports.
These aro all concerned wlth wing systems for which the
rotor blades, hinge-connected to the axis of rotation,
possess two dogrees of freoedom; a motion of rotation of each
blade in the- plane of rotation, permitted by the swivellng
hinge in the rotor disk (planc contalning the hinge and tho
perpondicular to tho rotor axis), and & flapping motion at
right anglos to the rotor disk pormittod dy the flapping
hinge. With thies arrangement, no deflectlon of the blade
occurs about its span axis. The blade pitch, that is, ‘the
anglo between tho zoro lift line of the bdlado sectlion and
the plane of rotatlion (fig. 3) 1s thus determined by the .
doeslgn and remains constant during thoe rotation of the
wing system.

*RfAorodynamik des Dreohfliigleors mit Blattwinkolrfickstouerung."
Luftfahrtforschung, vol. 16, no. 7, Julr 20, 1939, ppe. 355~
361.
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In recent times, a different kinematical system has
proven itself practically applicable., ¥With thils system,
a rotation of the wing about its span axls, in addition
to flapping and rotating, 1s possihle. This variation of
the blade pitch 1ls, however, positively coupled with the
flapping angle in such a manner that- the upward motlon of
the blede reduces the blade pltch. The process can best
be undorstood by considering the deslgn of the rotor sys~
tem in detall. Such coupling has been practically applied
to tho Bréguet helicoptor (Gorman Patent No. 567,584/62b
(1933)) and the Hafner gyroplane (reforence 1). Since the
latter 18 described in doteill in the litprature, the ar~
rangemont of 1ts rotor system has beon used as the basils
for our computatlon.

The ossontlal charactoristic of the doslgn is the
go=callod "spidor" shown 1n the skotch of figuro 1. It
conslsts of the splder axls and the splder arms which are
connccted wlth the rotor blades through hinges G and
lover arms H. The rotor bhlados are attached to the ring
R through a Cardan hinge K, mnmaking poessible the change
in blade angle with flapping angle. In the Hafner gyro-
plane, the flapping hinge 18 through suitable means placed
in the axis of rotation. In figure 1, the more general
case of a distance e between the hinge X and the axls
is assumod. Tho spider axis may move up and down in ring
R and be inclined in any direction. The possibilities
thus provided for the change in the blade pltch are of
great importance for the-controllabllity of the alrerafi
but will not be considered furthor here. We are inter-—
osted only in thoe relation botween tho flapping and bdlade
angle for stoady flight conditions with constant.setting
of the spildor axis with rospeect to the ring R. Thils ro-~-
lation may be derived with tho ald of fligure l. Let the
flapping angle be donoted Dy 8, the blade pitch by ¢
(seo figs., 2 ond 3); for B =0, let &= 9, For an up-
ward motion of the blade point A at which the lever arnm
H 1s attached to the blade spar, movos up by tho amount
B(a=~0)s» Since the position of the.hinge G remains un-
changod, the blade pltch 1s decreased by tho amount
B-—-—a ; 2, Botwoon 9§ and B, we thus have the linoar

relation:

)
4 = 3, B

Por briefnoss, we sct
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and denote it as the 1inkago ratio.- We thus have

8=9,-958 Y (2)

- .

With rogard to the order of magnitude of d4p, . the

following nay be said, If the flapping hinge X 1s situ-
ated in tho axis of rotation 49y = a/h: i.0., squal to

cotangent of the angle formed by the bledo axis wlth the
line Joining tho hingo & and the center of the rotor
system. XYor roasons of symmetry, this angle will bo
choson preferadbly about 60°., Tho linkaze ratio will then
havo a value of 45 = 0.577. If e 1ls greater than O,

& smaller value of én wlll be obtained; for e = a,

4g = 0 and we obtain the usual system of the Clerva auto-

g€iro. In genereal, ¢ should be as small as possidble, so
that 1in practical designs 1t wlll lie between the values
0.3 and 0.6,

2. Statement of the Problem and Symbols Used _

Tho object of the following computation is to extend
the results already obtained on the aerodynamics of rotat-
ing-wing alrcraft in steady, forward flight to the caso
where wo have thc above-described linkage botweon tho blade
and flapplng angles.

Tho papors on gyroplanas arc all based on the orlginal
investigations of Glauort and Lock. Following upon the
work of thoso men, a consldorable number of further lnvesge~
tigaotions have beon conducted of which chief mention 1a to
boe made of a paper by ¥hoatley (roforence 2) in which the
entlire theory of the computation of the alr forces of ro=
tatlng-wing aircraft is. bullt up anow and the old computao-
tions aro considerably oxtended. There is also to be men~
tionod a papor by Sissingh (reference 3) which follows
closely the work of Wheatley but introduces further refine-
- ments, s0o that 1t 1s possiblo to ostimetc the importance
of certalin of tho assumptlions of Wheatley by a more accu-
rate tomputdtion. In Sissinght!s paper will be found a de=-
talled bibliography, so we shall hore disponse with 1%,

The computation glven below largeiy followe the work
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of Wheatloys Wo may theroforo dispenso with a dotalled
oxplanation of tho assumptions and formulas which hold for
all rototing-wing alrcraft irdependent of any particular
kinomatics of the wing syston. Tho invostigatlion 1s ro=
strictod to the sinplest case of untwisted roctangular
blodes: i1.0., tho blade pitch 4, and the blade chord aro
constantes The blado twist due to torsional noments about
the blode-~span axils i1s by sultable constructive moans
(snallost possible distanco botween blade center of gravity,
sheoar contor of blade cross soctlon, and center of prossurc
of bledo soction) hold low enough go that it nay bo no-
glocted.

The following notation 1s useds

R, rotor radius (distance of blade tip from rotation
oaxis)}

Zy, runbor of rotor blades;
t, DbDladeo chord;

o = EE, s0l12ity;

R _
Y, forward velocilty;
W, angular veloclity of the rotor blados;
v, Inducod ve;ocity; -
a, angle of attack of tho rotor-disk.

Thon

Y cos a is tho componont of the forward velocity 1n
the rotor disk;

YV sin a - w, component of the forward voloclty normal
to the rotor disk (fig. 2).

Fron those, wo further definc the nondinensional cooffi-
clents:

_V cos a
u_ wn »
A = V sin o - w

wR
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A, TrTotor 1ift;

W, rotor drag (not of tho etitire alreraft); ... . ..

S, rotor thrust (componont of. tho rosultﬁﬁt air
forco in the direcction of tho axis)g

For tho purposocs of our investigetion, wo may with
sufficlont accuracy set 8 |ogual to the resultant alr
forco, so that A = 8 cos o

Mg, oppliod nomont of tho rotor blades about the
axis of rotation (for tho autoglro Mg = 0)3

S
kg = 1 s thrust coefficlent;
-é-pwaR41T
W
€ = 1’ lift-drag ratlos

The abovo=dofined aagnltudoes refer to the rotating-
wing systen as a whole. JFor the flow and 1lift relatlons
at ocach blade clement, the followlng symbols eare used.
(Sce filg. 3.)

r, distonce of a hlade elemnent from the axls of roto-
tion;

r
Y

R

H
[}

n, blado nass per unit length along blade span;

R
J =J/ﬂ n r®dr, nass monment of inertia of a blade
J

about the poirt r = 0;

h: ]

Mg =~/n ngrdr, nonent of tho blade woeight about
Yo the point r = 0O;

ary angle betwesn zoro lift line and resultant flow
at bdlade eloment at posltion r3

Cgs Dblade section 1ift coefflciont;

c,'s constant near value of slope of curve cg = flap):
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Cys constant nmean value of drag coefficlent c¢, of
blade section;

upu)E. velocity at bdlade element parallel to rotor
axls;

utUJﬁ, veloclty at blade elonent In the rotor disk;

u -
¢ = —, anglc botween direction of resultant flow and
rotor disk;

V¥ , oazinuth angle of blados noeasurcd in plane of
rotor (fig. 2);
EtR‘ca'
Y = 3 s Dblade nass constants

Hg, mnoncant of alr forcos of a dlade about the flap-
ping ringo;

B, foctor to take account of the tlp losses.

The ratio p serves in the conmputation as tho inde-~
pendent varlable. The obJect of the investigation 1s to
detornlne the flapping angle £ oad the nagnitudes kg,
a, ond €,

II. THE AIRCRAFT IN STEADY FORWARD FLIGHT

l. Induced Velocity and Angle of Attock

Ia deternining the induced velocity and tho angle of
attack, the rotor systen 1s conslidored as a l1ll1fting vortex
of width 2R. Under the usual assunption that the 1nducod
velocity w and hence also the ratio A are constont for
tho ontire bPlade-swopt area, we huve, sccordiag to Whoatley:

kg
w = wR {(3)
4 Ju® + A3
and
A k
tan a.=;+ 2 (4)

4p Ju? + AR

kg and A arc for the presont unknown nmaganitudes and
will bo doterminod below as functions of p. (It 1s to
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be noted that betweon the thrust coefficient kg and the

nagnltude Cp enployod by Whoeatley thoro is the relation
kg = 20np )

2e¢ Flow Velocltlos at 31ada-llenent

For thoe velocity at the blade elenent in tho pleng of
the rotor, wo obtaln

uy WR = wr+ pwR sin VY

uy = x + p osiny (5)

and for tho volocity parallel to tho rotor axis

up WR = AWR = r —— = pWR B cos ¥
at
x d
Up = A= — —— = B cos ¥ (6)

wadat < ‘

a g

where 18 the dorivative of thoe flopping anglo B
a s

with rospoct to tine. The angle B (acuto cngle between
the blade span axis nand the rotor disk) is exprossed in
terns of the azinuth angle Y by a Fourier series 1in whilch
torns only up to the second harmonic are retained:

B=o0p = a,co8 VY =~Dby8in VY ~n, cos 2V ~ by sin 2V (7)

Thoro 1s thon obtained from (6), with ¥ = w t
1l 1l
u, = A+ 3 B oy +(=wag+ xby + 3 B ag jJocos V

+(-xa.,_+-;-p.ba)sin\ll +(%u a,_+2x'ba>cos 2V

+ % B b, -2 xa sin 2V

+%p.a.acos3\ll+%p.'basin3\ll (8)

The radial velocity in the direction of the blade span
axis need not be taken into account. Its effect on the
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magnitudes to be investigated will as usual be neglected.

3. Flapping Angle

The flapping motlon . 1s obtalned by determining
the Fourler coeffliclent 4oy, 23, 93, 83, bge In most of
the investigatlons on the aerodynamics of helicopters and
autogiros, the second harmonics a; and by, in contrast
to the procedure of Wheatley, are dropped, belng consid=-
ered negligible. This 18 Justified by experlonce ns long
as we are malnly concernced with the cerodynamic bohavior
of the rotatlng-wing systom in 1ts total offect: 1.0., in
the mognitudos S, A, W, w, V. For the designor, it 1s
importart, however, in ordor to ostimecte tho strongth of
the rotor blades, to know as accurately as possible the
alr forcos at coch blade olemont which forcos aro con-
slderably offoctod by tho socond harmonlic of the flapping
motion., The coefficionts a5 and by aroc therofore in
the followlng rotained.

The difforential oquation of the flepping motlon 1s
obtainod from the moment equillbrium egquation about the
flopping hinges In this condltion there ontor the ailr
forcoes, the inertia forcos of the flapplag blado, tho con-
trifugel forces, and tho wolght. Wlth the notation gilven
above, thoro 18 obtainod tho known rolaotion

Jw3<

It is horo assumod thot tho dlstanco e botwoon tho flap-
ping hinge arnd the axis of rotantion 1s zero or small enough
so that lts effect may be neglected.

a2 '
d\lfg+ B>=M_S‘Mg (9)

The moment of the olr forces about the fiapping hinge,
under the cssumption thnt the resulitant velocity at the
blnde elemaant is with -sufficlent aczuracy givon »y .v,wR, 1s

Ba
Mg = J/’ .% ptuPw?rR¥c,rdr
0 B

Mg % p t w3 B‘tzp ui? cp x d x (10)
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To toke account of the thrust lossos at the blade tip, we
integrato, focllowing Wheatley, not wup to R Dbdut only
up to BR, whero

2 B
Now :

cg = 0g' ap

and from figure 3

ar = 4 + 0

With the ald of (2), there 1s then obtained

ap = 60 - GRB + au':: (11)

This holds, however, only for the advancing blade section,
For the retreating bPlade (m< Y< 27 and 0< r< =
preiny), « 1s as usual replaced by =« and 1+ 1is
assumed that tﬁe slope c,!' of the 1ift curve has approxi-
mately the samo value as for tho advanclng blade. We sot

Mg = g  + Mgl

where MSI ls the alr-forco moment that is obtalned by

substituting t?i anglo a, valld for tho forward moving
blado, and Mg is tho corroctlion term that takes the
rotroating motlon into accounte From (10), thoro is ob=-
tainod
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M = etw’ﬂ‘c. J'[(o.-o.ﬂ)u + uguy] zdz
==0[or0<vp<n 2
—psin gy a,b) -
MU= gt Recy J’ [(Be— 2B) u -+ ueug) zdz
0

fora<y<2a:

Mg 1is now developed into a Fourier ser-
ies of which again only terms up to the

second harmonic are retained:
Ms:.;_gzuﬁR‘c,’(A,+A,cosw+B,sinw

+ Ascos2y + Bysin2y%) . ..

. (13)

Yor each of the harmonics, if the small effect
of the retreating motion is taken into account
only in the coefficients Ay, A;, and B,, the

following expressions are valid:

2=x .
1 M
do=gi \ T
® ?ethR‘ca’
[

2n

1 MU
— _——dyp,
+2:z 1 P v
—2—gtw Rb.cq

£

MI
A, B = ; 15 (cos y, sin y) dy
. et w? Rie,

2nr

: MY (cos y, sin y)
4k (M,
, ?gtw"R‘c,’

T

2x
ML (cos 2y, sin2
An,Ba=;1'f 2 V’__'P)d'p

%ethR‘ca’

(14a—c)

0 ) :
Substituting (5), (8), and (7) in (12)
and then in (14), there is obtained,
after carrying out the integrations

) __1 3 l 3 l 3 B3
Ao——g‘lB +9n;"‘ +g# By
.1_ 4 3 3.__.l I)
+9 7 (B +uB—p
1 1
—031(3‘%+u23’ao—§#‘aﬂ
4 1
'—'?.“Bah"‘EI"B’al)-
1 4 1
A,=—-§;¢Bsao——my‘ao+—{3‘b,
1 1
+ g Bh— g pBa
+o, 1B+ L ma +i,uB“b)
g 1 2,“ 1 3 s |»
__1 a__l a_.}_ 4 5
Bl—-?ll‘B 8;'/4 4B a
+ g Bray— i By
3 ——
+‘9o( nB +453.‘4)
—0n(§#B“ao+—u‘ao
—-——B‘bl——y’szl+ ,uB"a,)
A=t Bot+g B‘b.—}uwwo

+oq(mmaq——§u38b,

+ Bt al+”’ B3 az)’

(16 a—d)

l
B, =7 -B’a-i— tBb-—-—B'
3 # 0 a f ‘] as 15 o

+ o,,-; (3 £ BPay-l- BAby + it B b,)

With the aid of (?), there is obtained from (9)

M= %etw’ Rbcy’

[%(ao+3a’cos2'p+3b,sin2tp— :}2’,)] (16)

with = 218

By compering the coefficients of the trigo-.

nometric functions of equations (13) and
(16), the following relations are obtained.

2 M,
PR Friael
A, =
B,=0, . (17a—e)
8=
¥ a1 2
— b, =B,

Bguations (17) in connection with (15)
are now to be solved for the Fourier
coefficients of the flepping motion.
It is sufficient here to compute a,,
a;, b, up to terms of the order of
magnitude [ and a3 by up to terms
of the order of KZ. Under this assump-
tion a; and by may be determined
from equations (17 d,e) if, in the ex-
pressions for Ay and Bz, the follow-
ing approximation values are substi-
tuted for the coefficients ay, a; , b,
“““WE“( 15+, 1)
ﬁ(l+—§Bﬁn—§Bﬂﬁao), (18a—c)
bx’\‘gl"ﬁ‘_ax'h

These relations are obtained from (17),
if in (17a) for the computation of a,
only terms without [ are retained and
in (17 b,¢) for computing a,, b, only
terms with 2. With the aid of (18),
there is then obtained from (17 4,e)

b Bﬁ,_"a
s = T2 10,4, B
a,zyB¢—4oz—5oo.,B——%a.,anyBs
x 13 g
Bs 4 7—53‘03 (19a,b)
g — TyutB
P 18(8+y9, BY

4
x(gz-;-o.,a)_ﬁ(?—?mﬂ)
Knowing a; and by, the remesining co-
efficients of the flapping motion may be
determined from (17 a-c) up to the order
of magnitude of u*. Carrying out the
computation, there is obtained

1
c’,( 00, — e oo [ 52 +219”)——2.u’]
2M,
qj‘[?}'Bs_I—'Q_;z i yJ ot
+ 0y 80| — 48 B [3A B+ LA + 408 (B 4)

—B“(E+20”)a,+33b,]}

(o681

+ =5 8 #* B*(by— B, ag)




e

E.ﬁwv/‘; .
TN

Substituting the angle of attack ayp
dividing the range of integration for advancing
and retreating motion, there is obtained.

NQAOG ’A.
'ith . Ql_(Bt..*. I")(l+o.’)+2ﬂ‘0p 1
&= (B‘+B‘p’——l-p‘) 3
e ' " i : i .
ag = 1 ™ . . =T e =
LB +o0 e, 3
Q.

x[zm+-—zp=+0.( p+ien
X ‘
+ —#')—0 (—B’ﬂr——fﬂ'ﬂ'“rf-;&—‘ﬂ’ﬂ-

+y Bla) =5 Bh0+200),

(3 B'a.+45 I a.+ B a,—-lo,_.B'b.)—ald,,
4. Thrust cocfﬁc:lont

For the total thrust of all of the
£ blades, there is obtained for one
revolution the mean value

2x BR

S—-—J"I—gtu; wd Recgdrdy.

Yor the thrult coefﬁciont there is obtained

HRI

3L
where =5

‘k,=.—l ————j[fug cgdxdy.
7

27 B
ko= T [ [ 10— 8ab) ut + weus)dcdy
0o 0 (20)
2n ——psiny

_2f f[(oo_ﬂﬂﬂ)ul'_[-ulup]dzdw

Q (]
With the aid of (5), (8), and (7), there
is obtained from (20) after evaluating
the integrals uP to terms of the order
of magnitude

ka=acal{ll(32+%”ﬂ)+oo%(Ba+§“‘23,_i"la)
+yratiuBh—t,(La(Briee |

—3”113)“‘—1‘1’1(3’4' #’\)+ w Ba,]}
5. Drag-Lift Coefficient
" 70 determine the drag ana power of
the rotor a knowledge of the drag-lift
ratio € .is required, the latter being
computed from the energy losses of the
rotating-wing system. These losses
arise from the induced velocity and from
the drags at each blade element in ro-
tating. The first-named portion of the
losses is obtained from consideratioans
on thes rotor system in its total effect,
the corresponding formulas not being
offected by the linkage between the
piteb and flapping angles. The linksge-
ratio ¥y does not enter into the -

second portion of the losses beceuse a
mean value of cp independent of the
angle of attack is used in determining

and sub-
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the drag of & blade element . Wheatley's
value of the lift-drag ratio cen there-
fore be taken over without -odificuuon.
his expression being

L i 1 t] '}
¢ 4#k,( +3mhy ”) uﬁi'-l-_z'

" 8. Bslance of Io-onn about the

. Vertical Hinge

All of the megnitudes thus far de-
termined contain the nondimensional ra-
tio A\ whose dependence on | "is still
to be determined., A relation between A
and ) is obtained from the condition
of moment equilibrium about the vertical
hinge. This condition is

an BH
M“"'zaf f 7 gtug’w’R’c,,q;rdrdw

")rR

—iﬂf f%qtu;"w“ﬂ"é’,ﬂdrdw:O
)]

or
Zn B

+J1f udcprdzdy
w*R'c
2o 1

—ffm Tyrdxdy=0,
00 '

The first of the double integrals
repressente the contribution of the 1lift
to the moment, the second, the contribu-
tion of the drag. The latter integral
is to be integreted from O to 1, not only
to B because the drag is not decreased
by the thrust drop at the blade tips.
Taking account of the retreating motion
of the blades, there is obtained after
substituting the expressions for cg, and @
27 B
ot [(Bo— 2B upuetul zdzdy
lgo.»“l*t"ac., +ff ? ’

2§ —usiny
_2"‘:’ f[(oo—ﬂuﬁ)“nut'i'”s’]"'da’d'l’ (23)
o 0

2x 1 2 —psiny

ff ugt xda:dw+2z‘" f f upzdzdy

Per!oming the 1ntogrationl and rearrang-
ing the terms, there is finally obtained

el oo o]
—ofafp w3
:;‘Baa.bl—{— ,u’B'(a,’+ ar —a,,a,) -
—gHa g B*(B=+ ) ot b2)
+ B @yt b0} B (arby — i)+ § Dot BoB,
—8, [%yB’aoal-i—%,u'B’(a.b,—%al ?’1)
_%B'y(a,a,+blb,)]-——267";7(14-,4’—-%pl)

+T_L_.=o
Igw’R‘nu‘c.,’

24
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The prcoctical computation of the roatio A as a func-
tion of p 18 somowhat difficult since (24) contains the
coefficients of the flapplng motion, which coefflcients,
according to (19), again depend on A and p. If A is
known, however, no diffliculty is encountered in determin-
ing B, a, kg, eand €.

ITI. ILLUSTRATIVE EXAMPLE

The formulae set up 1ln the preceding sectlion will now
be applied to & numerical example. The object of the com-
putation is not so much to clarify the process of practical
computations as to obtaln a numerical estimate of the sig-
nificance of the pitch and flapplng angle linkage on the
elrcraft performance.

As an example, there will be chosen an autogiro of
tho usual present-day design. The initial values used as
a basis for the computation and which approximately corro-
spond in thelr order of magniltude to the design factors
used for the C 30 typo autogiro arc the following:

¢ = 900 kg Mg = 0

R=26.00m cg! = 5.6

z =3 cy = 0.014

t = 0.28 m 4, = 6°

J = 25.9 mkg s8? 4p = 0.45
B = 0.98

¥ith these values, there is obtalned from (19) in
connection with (24) the variation of the Fourler coeffi-
clents of the flapping motlon with pu shown in figure 4.
In figure 5, kg 18 plotted from (21) and in figure 6,
the lift-drag ratlio € from (22). For A = G,

A
cos a

S =

the rotational spesd n = %gu)is obtained from
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: s
- k.s =,1 .- e
LTS - - =
S P W E* o
30 2 G
n = — .
w kg p m R4 cos a

The result is plotted in figure 7 for G = 900 kg. The
depondenco of the forward speed on u, which is obtalned
from the relatlon

pwR

cog

Y =

is shown on figure 8., Tho maximum veloclty of tho alrcraft
will 1lice noar the value p = 0.4 (V = 208 km/h). For this
flizsht condition, figurc 9 shows the corrcspondling flapping
motion.

Tho coofficlent &y, denotod as tho coning angle, has
tho valuc 4.,73°. To & flapping englo of this magnitude,
thoroe corrcsponds the bladoe pltch anglo

GB = ay = 8, - 4p 84

6 - 0.45x4.73

3.87°

Tho rotor thus operates on tho avoroge with a pltch of the
usual ordor of magnitudo of about 409,

Tho important rosult brought out in figuros 5 to 9
1s that the autoglro investligatod having tho blade piltch
control descrlbed doos not show any particular, unexpoctod
propaortles but behaves ontirecly liko a normal autoglro of
tho Ciorva type. (Conpare thoe computations of Whoatloy,
N.A.C.A. Roports Nos. 487 and 591.) Perticularly note-
worthy 1s tho foct that tho amplitudo of the flappling mo~-
tion, 1.,0., chiofly the coefficiont a,, 1s of tho usual
nagnitudo, so that the type of llinkage doscrlbod doess not,
a8 night hovo boen expected, lecd to a docroaso 1n the
flapping notlon,

All this loads to the final concluslon that the klno-
matlcs of the blade-pitch control of the autoglro, while
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offering no disadvantages, does not offer any particular
advantages as far as behavior in steady forward flight 1is
concerned. It 18 true that in flight under gust condi-
tions the linkage glves the rotor less sensltivity to the
gust., The usse of the linkage willl hardly prove worth—
while, however, unless other advantagos are galned through
its application. The advantagos of the spidor coanstruc—~
tion doscribed in seocctlon I arc to be found chilefly in the
control possibilities of the rotating-wing systom, because
of the fact that the splder axls may bo disploced up and
down or tillted to tko side in the ring R. Tho offeoct of
the linkecgo 1s to boe considerod a by-product conditloned
by tho dosign which, howover, doos not impalr tho acrody-
nanic bshavior of tho alrcraft. It should bo pointed out,
howovor, that ceution nust bc cmployed 1z goencrallzing

the rosults obtainod from tho computation cxanple to link-
age rotios that considorably excood the velue of 63 = 0,45
invostlgated. .

IVv. SUMMARY

The mothod developed by Wheatley for tha computation
of the air forces of rotating-wing alrcraft is extended
in that instead of a constant-blade-pltch angle a linsar
dependence 1s assumed between that angle and the flapping
angle. The application of the formulas obtained to an
autogliro with a linkage ratio of the usucl magnltude showvs
that for steady, forward flight no particular effects arise
on tho aorodynamic bohavior of the alrcraft,.

Translation by S. Relss,
¥otlonal Advisory Comnnittee
for Aeronautics.
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